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ABSTRACT 

^Thc  syagaaglloa  histology  la  ((awl*  H. 
dwwadait  la  taoM  a ad  rnmparad  wtta  odar 
tfcfca-  Tka  syagsagBaa.  lytag  la  a  partgMggnalr 
Mood  duos,  la  toraaad  ky  a  fUatd  atgm-taopkagaal 
part  (profoanknua,  cMkaral  gaugka,  padlpalpal 
pa|ka  a ad  atoandsal  poaa)  aad  a  mhmnphagaal 
part  (4  pain  of  padal  ganglia  aad  tkc  caaaplax 
opblkoaoaaatk  gaagHoa).  Tka  ayagaaggoa  la 
aaalaaad  u  Idalai  a  commute  tkeue  akaalk,  ka 
aaaitlaaaaa.  Tka  pariacariun  aadaitlaa  tka 
aaarihnian  aad  la  foBowad  ky  tka  cortical  nglaa, 
•kick  la  acpaiatad  from  tka  namoplle  ky  tka 
aakpariaaurlaai.  Aaaoclatloa,  aiotor  aad 
aaanaccntory  ccg  type*  an  tkc  acaroaa  akkk 
togetker  whh  4  of  5  gkal  cag  types,  wwpiiae  tka 
cortical  aooc  ad  tka  ayagangloa.  Tka  tftk  ggal  oak 
typa  la  only  dktrlkatad  la  Ike  parfaaarfcm.  Fba  hauls 
of  flkcoaa  koriaoMal  coaaccdraa  aad  vmdtul 
coaiadaaarao  occar  la  dM  aaaropgc.  ■  (  ~~ 

INTRODUCTION 

The  tick  central  nervous  system  u  one  at  the 
suitable  sites  (ot  multiplication  of  pathogenic 
microorganisms  such  as  spirochetes,  rickettsiac  and 
viruses  (Burgdorfer.  1951;  Acschlimann,  1958; 
Roshdy,  1962;  Reinhardt  et  al„  1972;  Diah  ct  al., 
l977;Zaheretal,  1977). 

Because  of  the  vital  importance  of  this  system  in  the 


tick-pathogen  aaocialiens  andof  being  the  center  of 
neuroendocrine  activity,  the  structural  and 
functional  organ: ration  of  the  nervous  tissue  of  this 
highly  spccialiaed  arthropod  group  need  to  he  studied 
to  understand  its  bearing  on  the  physiological 
activities  of  the  tick. 

The  basic  structural  components  of  the  fused 
gangjionk  mass,  the  synganglion,  has  beens  tudied 
histologically  in  the  ixodids  Boophllus 
(Uroboopklhsa)  calcaratus  Birula  (Ttvileneva,  1965). 
B.  (U.)  mkrophsa  Canestrini  ( Binnington  ad  Talchell. 
1973).  Danaacaatoe  (D.)  andeiaoaf  Stiles  (Douglas. 
1943).  a  (D.)  pfetaa  Hermann  (lofTe,  1963),  D.  (D.) 
variahHa  Say  (Ohenchain.  1974).  HaaamphyaaUa 
(H.)  Hava  Neumann  (Saito,  I960),  Hyatoauna  (H.) 
detrttuar  Schulte,  H.  (H.)  aaatolicuan  Koch 
(Ttvileneva.  1965),  H.  (Hyalora masts)  aagypthan 
Sharif  and  Rklplripkrtaa  (R.)  ampriacaa  Latreille 
(Satja  et  al..  1971)  and  the  aigaaids  Argaa 
(Rveskargaa)  arkoraaa  Kaiser.  Hoogatraaland  Kohls 
(Roshdy  and  Mart  auk,  1964),  A.  (P.)  panfcrm  Oken 
(Robinson  and  Davidson.  1914;  Satja  et  al.,  1971; 
Eisen  et  aL.  1973),  OnMmdoroa  (Alactoroblua) 
kakayl  Cooley  ft  Kohls  (Sonenshine.  1970),  O.  (O.) 
moabata  Murray  (Eichenberger,  1970),  O. 
(Pavtovakyada)  pork  art  (Pound  and  Oliver,  !982)and 
O.  (0.)  aavigayi  (Christophers.  1906;  Evans  and 
Solomon,  1977). 

Recent  investigations  on  Hyalomma  (H.) 
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dromcdarii  Koch  have  revealed  ha(  this  tick  is 
responsible  for  th  transmission  of  several  arboviruses 
(Hoofstraal,  1975,  Wood  et  at..  1982). 

Herein,  we  describe  the  synjanglion  histology  of 
the  female  H.  drorosdaril  to  provide  essential 
information  for  further  investigations  on 
neurosecretory  ceB  distribution,  and  their  possible 
involvement  in  hormone -media  ted  events  controlling 
the  various  physiological  activities  of  the  tick. 

MATERIAL  and  METHODS 

Engorged  female  H.  dromcdarii  collected  from 
camels  in  the  Imbaha  market.  Giza  Govemorate. 
Egypt,  were  used  to  start  a  colony  in  the  NAMRU-3 
Medical  Zoology  laboratory.  The  ticks  were  fed  on 
the  rabbit  Orycldagm  eunkuHss  using  the  method  of 
Berger  et  al..  (1971)  at  28  ±I°C  and  75%  relative 
humidity.  All  animal  care  and  manipulations  were  in 
accordance  with  the  Animal  Welfare  Act 
Amendment  of  1976  (PLP  14-279  with  subsequent 
amendments). 

For  histological  observations,  the  dorsal  and 
sometimes  the  ventral  integument  were  removed  and 
the  synganglion  was  quickly  fixed  in  modified 
Bouin's  fluid  (Humason,  1962)  for  24  hours.  The 
synganglion,  was  then  washed  in  70%  ethanol, 
dehydrated  in  anascending  series  of  ethyl  alcohol  and 
double  embedded  in  celloidin-paraffln.  Serial 
sections.  5-7  um  thick,  were  stained  by  Mallory  triple 
stain  (MT)  (Pantin,  1959),  aldehydefuchsin  (AF) 
(Fwen.  1962)  and  the  chrome-haemtoxylin  phloxinc 
(CHP)  techniques  (Gomori.  1941). 

RESULTS 

The  synganglion  of  female  H.  dromadsiH,  lying  in 
a  periganglionic  blood  sinus,  consists  of  a 
supraesophageal  part  and  subesophageal  part,  and  in 
enclosed  within  a  well-defined  connective  tissue 
sheath,  the  neurilemma  (Figs.  1-6).  The  perineurium 
underlies  the  neurilemma  and  is  followed  by  the 
cortical  region,  formed  mainly  of  neuronal  and  non- 
neuronal  cells  which  is  separated  from  the  inner 
fibrous  cose  or  neuropile  by  the  subperineurium. 

The  ueurismma.  This  sheath,  3*3.3  um.  is  also 
reflected  into  the  esophageal  canaj  inside  the 
synganglion  to  surround  the  esophagus  as  well  (Fig. 
7).  In  MT-*tained  preparation,  h  stains  blue 
suggesting  a  collagenous  nature.  The  parimurium. 


This  is  an  irregular  layer  of  scattered  glial  ceils  which 
lies  beneath  the  neurilemma.  The  cells.  2. 1-2.5  um 
thick,  have  elongated  nuclei,  and  ill-defined 
boundaries  (Figs.  M).  The  sub  perineurium.  Ibis 
layer  of  irregularly  arranged  glial  cells,  ca.  3-3.5  um 
thick  ( Fig.  2).  separates  the  cortex  from  the  neuropile. 

The  cortex,  the  cortex  is  composed  primarily  of 
neuronal  cells  or  perikarya,  and  a  few  scattered  glial 
cells  (Fig.  1-6).  Three  major  types  of  neuronal  cells 
•  re  observed:  the  association,  motor  and 
neurosecretory  cell  types.  These  cells  art  classified 
according  to  shape,  size,  cytoplasm  staining 
properties  and  distribution.  Association  neurons. 
Two  cell  types.  A  and  Bare  included  in  this  category. 
Type  A  cells  from  the  bulk  of  the  cortical  layer.  They 
•re  oval  or  rounded  is  shape,  measuring  8.8-10  um  in 
diameter,  each  with  a  central  rounded  nucleus, 
measuring  5.5-6  um  in  diameter  ( Figs.  1 , 3. 4).  The  cell 
and  nuclear  boundaries  are  very  distinct,  the 
cytoplasm  is  finely  to  coarsely  granular,  and  the 
nuclear  chromatin  is  in  the  form  of  granular 
inclusions.  Type  B  cells,  known  as  the  globuli  cells, 
occur  in  large  numbers  associated  with  the  first  pedal 
gangli  and  are  the  smallest  neuronal  cells  (Fig.  3). 
They  are.  rounded  in  shape,  measuring  6.0  um  in 
dimeter,  with  rounded  relatively  large  nuclei, 
measuring  ca.  4.5  um  in  diameter.  Cell  and  nuclear 
boundaries  are  distinct;  the  cytoplasm  is  coarsely 
granular  and  the  nucleus  is  chromatin-nch. 

Motor  crib.  These  are  only  few  cells  which  are 
easily  recognized  by  their  relatively  Urge  size  (Figs.  3. 
4).  They  are  rounded  to  oval  in  shape,  mea ruing  ca. 
16.5  um  in  diameter.  The  cytoplasm  is  finetygranuiar 
and  vacuolated  and  the  nucleus  is  rounded  in  shape. 
7-7.5  um  in  diameter,  and  contains  loose  thread-like 
chromatin  and  one  or  two  nudeoti. 

Neurosecretory  cells.  These  cells  are  distributed  in 
several  mostly  bilateraly  symmetrical  groups  in  the 
cortex  (Fig.  3).  The  ccBs  are  oval,  rounded  or 
irregubr  in  shape  and  vary  greatly  in  size,  ranging 
from  I  OX  I !  J  to  S3  X  23.5  um.  Their  nuclei  are  oval 
or  spherical  in  shape,  measuring  ca.  7.7  X  5.5  um  to 
M.2X6.7  tun. 

These  cells  contain  neurosecretory  material  (NS  M ) 
in  the  form  of  floccubnt,  very  fine  or  coarie  granules. 
The  staining  affinity  of  this  material  differs  according 
to  the  stain  used.  The  NSM  may  accumulate  at  the 
periphery  of  the  cell  or  around  the  nucleus  and  are 
sometimes  distributed  throughout  the  cytoplasm 


Ventral  glomeruli.  These  two  glomerular  pairs  are 
ventromedial  to  the  protocerebra)  neuropile  (Figs.  9. 
12)  and  lateral  to  the  stomodeal  pons,  and  are 
boardered  laterally  by  the  bases  of  the  cheiiceral  and 
pedipalpal  ocuropitev  The  outer  pair  is  larger  lea. 
18.7  um  in  diameter)  than  the  inner  one(ca.  13.2  um 
in  diameter).  Both  pairs  are  closely  associated  with 
the  esophageal  canal  and  stain  darker  than  the 
protocerebra!  neuropile,  indicating  a  higher 
neuropilar  density. 

The  cheHccffaJ  gaitgla.  This  pair  of  ganglia 
occupies  the  dorsolateral  part  of  the  supracsophagea! 
part  (Figs.  8-10).  Anteriorly,  the  neuropile  appears  as 
2  spherical  structures  connected  ventrolaterally  with 
the  anterior  boarder  of  the  pedipalpal  ganglia  (Fig. 
8).  Ventrally.  the  cheiiceral  neuropiies  are  interrupted 
across  the  midline  by  the  protocerebrum. 

The  pedjpalpol  gaagUa.  This  pair  of  ganglia  is 
posterior  to  the  cheiiceral  ganglia.  Anteriorly,  they 
extend  obliquely  upards  (Figs.  8.  9)  and  are 
connected  together  posteriorly  by  a  postesophageal 
commissure  (Fig.  9).  The  posterior  aspect  of  both 
pedipalpal  ganglia  are  adjacent  to  the  anterior  margin 
of  the  first  pair  of  pedal  ganglia  (Figs.  10-12). 
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Glal  eels.  These  cells  include  3  types  differing  in 
location,  shape,  and  sire.  Type  Vr These  cells  are 
irregularly  distributed  in  the  neuroprie'.aod  many  of 
them  accumulate  in  the  area  adjacent  to  he 
esophageal  crossing  (Fig.  6).  They  are  oval, 
measuring  ca.  7  X  3.3  um.  and  their  oval  nuclei 
measure  ca.  3.5  X  2.2  um.  Type  V.  These  cel*s  occur 
among  the  different  neuronal  ceBs  (Fig.  6).  They  ate 
more  or  less  rounded  in  shape,  measuring  6-6.6  um  in 
diameter,  and  the  large  nucleus  occupies  the  majority 
of  the  cell  body.  Type  **e".  These  cells  are  scattered  in 
the  peripheral  nerves  among  the  nerve  fibers  (Figs.  4- 
6).  They  are  densely  packed  and  best  observed  where 
the  nerves  communicate  with  the  corresponding 
neuropilc  regions.  They  are  rounded  or  oval  in  shape, 
measuring  4.3-6  um  in  diameter.  Type  “d".  These  celb 
form  the  perineurium  just  beneath  the  neurilemma 
(Figs.  I,  2.  6).  They  measure  ca.  6.6  um  X  2.1  um. 
Type  “a*.  These  cells  form  the  subperineuria!  layer 
(Fig.  6).  They  are  spindle  to  oval  in  shape,  measuring 
ca.  9.9  um  X  3.5  um. 

Ganglionic  structure  of  the  syngangHon 
The  anpraeaophageal  part.  This  pan  is  formed  as  a 
result  of  the  fusion  of  the  protocerebrum,  the 
chcbcerat  ganglia,  the  pedipalpal  ganglia  and  the 
stomodeal  pons  (Figs.  7-12).  Thcprotocercbmni.The 
protocerebrum  appears  as  a  single,  median  mass 
which  extends  in  the  do rso ventral  direction  between 
the  bases  of  the  cheiiceral  and  pedipalpal  neuropiles 
and  dorsal  to  the  stomodeal  pons  (Figs.  8-12).  The 
protocerebrum  contains  the  optic  ganglia,  descrete 
bilatesaDy-arranged  glomeruli  of  higher  neuropilar 
density  and  a  number  of  interconnecting  tracts  (Figs. 
7,  9-12).  The  glomeruli  include  the  anterodorsal. 
posterodorsal  and  ventral  glomeruli  (Figs.  9-12). 
Qptfc  ganglia.  This  pair  of  ganglia  occurs  in  the  most 
anterodorsal  part  of  the  protocerebrum  (Fig.  7)  as 
small,  rounded  neuropiles  with  their  bases  coinciding 
with  the  anterior  boarder  of  the  cheiiceral  ganglia. 
The  ccuJIular  cortex  surrounds  the  lateral  and  ventral 
aspects  of  this  pnglia.  AntarodonaJ  glomeruli. 
Them  are  two  glomerular  pain  in  the  middorsal 
region  of  the  protoceiebral  neuropile  (Fig.  10).  They 
are  spherical  in  shape,  the  outer  pair  (ca.  20.9  um  and 
ca.  14.3  um  in  diameter,  respectively)  is  larger  than 
the  inner  one.  A  very  thin  dorsl  conical  layer 
separates  them  glomeruli  from  the  perineurium. 
Postarodoraal  glows raB.  This  pair  of  glomeruli, 
measuring  17.6  um  in  diameter,  is  situated 
posterolateral  to  the  anterodorsal  glomeruli  (Fig.  II). 


The  stomodeal  pons.  This  is  the  most  ventral 
region  of  the  supraesophageal  pan  (Figs.  7-9). 
Anterodonally  tod  antcrovcniraUy.  the  stomodeal 
pons  neuropile  is  boardered  by  a  cortex  formed 
mainly  of  type  A  association  cells  and  neurosecretory 
cells  (Fig.  7).  Posteriorly,  the  stomodeal  pons  is 
boardered  laterally  by  the  pedipalpal  neuropiies 
(Figs.  8,  9). 

The  subesophageal  part.  This  part  includes  the 
neuropiies  of  the  four  pairs  of  pedal  ganglia  and  the 
complex  opisihosomatic  ganglion  (Figs.  12.  13). 

The  pedal  ganglia.  These  4  pairs  of  ganglia  are 
me  tamer  ically  arranged,  the  first  being  anterolateral, 
the  second  and  third  occupying  the  midlateral  region 
and  the  fourth  oriented  posterolateral  in  a  dorsal 
direction  (Fig.  12). 

The  anterolateral  margin  of  the  first  pedal  ganglia 
coincides  with  the  posterior  aspect  of  the  pedipalpal 
ganglia  (Figs.  10-12),  while  the  anterolateral  margins 
of  the  second,  third  and  fourth  pedal  ganglia  coincide 
with  the  posterior  aspect  of  the  proceeding  pedal 
ganglia  (Fig.  12).  The  posterior  margin  of  the  first 
three  pedal  ganglia  coincides  with  the  anterior  aspect 
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(taped  comminute  occurs  directly  posterior  to  the 
eeeptafta  and  ext  cods  between  the  pedipelpel 
media.  The  third,  fourth  end  fifth  comminute*  are 
euidM  and  connect  the  second,  thin)  and  fourth 
pedal  madia,  respectively.  The  eitremitiee  of  the 
oath  cemenieenre  are  directed  slightly  toward  the 
poeeerior  repoa  of  the  iyt*xnjkon  the  seventh 
commit  sure  surrounds  the  opisthosonelic  pnplton 
anteriorly. 

The  aeeand  level  consists  of  2  moderately-denK. 
bitaienlly  symmetrical  connectives  which  extend 
from  the  rep  on  behind  the  esophagus  to  terminate 
anterior  to  the  opinhoeomatic  ganglion  (Fig.  15). 
These  connective*  give  off  fibers  to  the  pedal  ganglia 
end  ate  connected  anteriorly  by  n  postesophageal 
commissure  which  gives  off  fibers  anleroleterally  to 
the  pedipelpel  mnglie. 

The  ddrd  level  includes  a  dense,  fibrous,  median 
ring  from  which  mdieie  one  pair  of  connectives  to  the 
pedipnlpnl  m"d>a  end  one  pair  to  each  of  the  four 
pain  of  pedal  mnglie  (Fig.  16). 

The  fourth  level  consists  or  2  pain  of  connectives  in 
the  center  of  the  synganglion  (Fig  17).  One  pair  is 
dorsal,  medial  ed  straight,  and  the  other  pair  is  more 


(Fig  13) 

Tnnjwne  icciion  of  the  opiXhosomatk  ganglion  (Op*  G)  in  ycmilcd  female  H.  drouwdarii  fX  250) 
iHf  14) 

Frontal  section  of  the  aynganglion  of  icmifed  H .  dromedarii  at  the  first  level  ol  connectives  and  commissures  showing  sc  ven 
commissures  ( Mr  1-7).  Ops  G.  opisthosomatk  ganglion:  f^,-4.  first  to  fourth  pedal  ganglia:  Sp  P.  supraoesophageal  pan 

fx  m> 

in*.  1$) 

Frontal  section  of  the  synganglion  ol  unfed  H.dm— mttat  the  second  level  ol  connectives  and  commissures  showing  two 
connectives  (V)  and  one  commissure  (Mr).  Ops.  G.  opisthotomauc  ganglion;  Pg,-4<  first  to  lounh  pedal  ganglia:  Sh  P. 
suboesophageal  part;  Sp  P.  supraoesophageal  pan  (X  100) 

fW*.  W 

Frontal  section  of  the  synganglion  of  unfed  H.  dvomedarii  at  the  third  level  of  connectives  and  commissures  showing  a 
median  ring  (I)  from  which  radiate*  connective*  (V,)  to  the  pedipalpal  ganglia  and  toeachoi  the  lour  pedal  ganglia  (V^) 

(X  100) 

(«*■  P) 

Frontal  section  of  the  synganglioa  of  unfed  female  It.  droidtiM  at  the  founh  level  ol  connectives  and  commissures 
showing  two  pain  of  connective*  (V,.  V.)  (X  HU)) 

in*.  i» 

Frontal  section  of  the  syngangfionof  unfed  female  H.drtmedaril  at  the  fifth  level  of  connect  ivesand  commissures  showing 
three  pain  of  conoectives  (V  1-3)  and  three  commissures  (Mr  1-3).  Ol  K.  ollaciory  knots  (X  100) 


of  the  following  pedal  ganglia  and  the  posteromedial 
aspect  of  tke  foarth  pedal  pngie  coincides  with  the 
aaseroteleraJ  margin  of  the  opiatbocoodtic  ganglion 
<F%.  12).  Small  dense  glomerular  lobes,  the  olfactory 
koou.  and  interior  subsphcrical  mnet  formed  of 
type  B  — oditidn  cefii  are  associated  with  the  flm 
pedal  geagfia  (Fipi.9,  m 

lie  comples  opMoeonafe  p—gfnn.  This 
complex  ganplioa  is  located  between  the 
posteromedial  borders  of  the  fourth  pedal  gsnglia  in 
the  moat  posterior  region  of  subesophegcal  part  (Fig. 
12).  The  complex  nature  of  this  ganglion  is  indicated 
by  multiple  dorsal  and  ventral  neuropile  projections. 
The  conical  layer  surronding  the  neuropik  is 
relatively  thick  in  the  ventral  region  and  is 
invagj nated  into  the  neuropile  donally  giving  it  a 
trilobed  appearance  (Fig.  13). 

Connective*  end  mmrelssmu.  The  horizontal 
connectives  and  vertical  commissures  of  the  europile 
occur  in  five  levels.  The  first  level « the  most  dorsal 
one  at  which  7  distinguished  commissures  occur  ( Fig. 
14).  The  antcriormost.  arc-shaped  commissure 
occun  in  the  supracsophageal  pan  and  surrounds  the 
esophagus  anteriorly.  The  other  six  commissures  are 
present  in  the  subesophageal  part.  The  second  arc- 


ventral  and  is  formed  of  widely  separated  connectives 
which  gives  off  dorsovcntral  fibers  to  each  of  the  four 
pain  of  pedal  ganglia. 

The  Mb  level  consists  of  three  pairs  of  connectives 
and  3  commissures  (Fig.  18).  The  median  pair  of 
connectives  extends  between  the  olfactory  knots  and 
the  opisthosomatic  ganglion.  The  other  two  are 
laterally  situated,  adjacent  to  each  other  and  join  the 
second,  third  and  fourth  pedal  ganglia  of  each  side. 
The  3  commissures  extend  between  second,  third  and 
fourth  pedal  ganglia,  respectively. 


DISCUSSION 

The  synganglion  structure  in  female  H.  dromedarii 
shows  the  main  evolutionary  characteristics  of  the 
nervous  system  in  the  other  acarines  and  in  the 
cheliccrata  in  general  (Ioffe,  1963.  1964;  Tsvileneva, 
1964,  1963;  Satija  et  al.,  1971;  Binnington  and 
Tatcheil,  1973;  Obcnchain.  1974).  The  cheiicera! and 
pedipalpal  ganglia  location  laterad  to  the 
protocerebrum  in  the  anterior  region  of  the 
supraesophageal  part  and  the  antcroventrai  position 
of  the  stomodcal  pons  in  this  part  are  common 
features  in  the  topography  of  the  tick  synganglion 
(Ioffe,  1963,  1964;  Tsvileneva,  1965;  Eichenberger. 
1970;  Obenchain.  1974;  Pound  and  Oliver,  1982; 
Roshdy  and  Marzouk.  1984).  As  in  other  ticks,  the 
optic  centers  in  H.  drone darii  protocerebrum  are 
represented  by  small  glomerular  formations,  and  the 
corpora  pedunculata  is  represented  by  anterodorsal 
and  posterpdonal  glomeruli,  tackingglomenilar cells 
(Hinstrom,  1928;  Ioffe,  1963;  Tsvileneva.  1964; 
Obenchain.  1974;  Roshdy  and  Marzouk.  1984). 

The  tubesophageal  part  of  H.  dromedarii 
synganglion  is  formed  as  a  result  of  the  consolidation 
of  four  pairs  of  pedal  ganglia  and  the  complex 
opisthoaomatic  ganglion.  The  Tim  pedal  ganglia  are 
situated  along  the  sides  of  the  esophagus,  due  to  the 
forward  movement  of  the  pedipalpal  ganglia  into  the 
supraesophageal  part  (Ioffe,  1963).  Olfactory  knots, 
associated  with  the  first  pedal  neuropile,  may  have  a 
possible  sensory  relation  to  Haller’s  organ 
(Tsvileneva,  1964;  Obenchain,  1974k 

Histplogical  examination  of  the  female  H. 
drumsriarti  synganglion  revealed  basic  structural 
components  similar  to  those  previously  described  in 
the  ixodids,  B.  cakarahss  (Tsvleneva,  1965),  B. 


mkropius  (Binnington  and  Tatcheil.  IV73).  O. 
andmoni (Douglas.  1943),  D.  pktus( Ioffe.  1963).  D. 
varkMIs  (Obenchain.  (974).  Hacmaphysahs  Hava 
(Saito.  1960).  HyakaMM  detrition.  H.  anatottcum 
(Tsvileneva.  1965).  H.  aegyptium,  R.  sanguineus 
(Satija  et  ai..  1971)  and  the  argasids  A.  arboreus 
(Roshdy  and  Marzouk.  1984),  A.  perskns( Robinson 
and  Davidson.  1914;  Satija  et  al..  1971;  Eisenet  al.. 
1973).  O.  ksUeyi  (Sonenshine.  1970).  O.  moubat a 
(Eichenberger.  1970).  0.  parteri  (Pound  and  Oliver. 
1982)  and  O.sarignyKChristophere.  1906;  Evans  and 
Solomon.  1977). 

The  peripheral  nerve  trunks  and  esophagus  in  H. 
dromedarii  synganglion  «re  surrounded  by  a 
perigangliomc  blood  sinus,  thus  simulating  other 
ixodidandargasid  ticks  and  most  arachnids  (Bullock 
and  Horridge.  1965;  Babu.  1965;  Marzouk,  1974; 
Roshdy  and  Marzouk.  1984;  Marzouk  et  al.. 
unpublished  data).  However,  this  sinus  is  lacking  in 
the  mesostigniatid  mite.  Macrocheles 
■meat domtstka  (Coons  and  Axtell.  1971)  and  the 
protiigmatid  mite.  Blankaartia  acuscutellaris 
(Mitchell.  1964). 

The  neurilemma  in  H. dromedarii  is  a  well-difined. 
collagenous,  connective  tissue  sheath  closely 
ensheathing  the  nervous  tissue  and  extending  into  the 
esophageal  canal  inside  the  synganglion  to  surround 
the  esophagus.  Transmission  electron  microscopy  of 
the  neural  lamella  in  D.  variabtts,  Amblyomma 
awHrirw—  and  Argas  arboreus  (Coons  etal..  1974) 
has  demonstrated  repeated  layers  of  homogeneous, 
finely  granular,  disorganized  material,  showing 
axons  which  contain  neurorecretory  vesicles.  A 
feltwork  of  collagenous  fibrils  showing  periodic 
cross -banding  and  embedded  in  an  amorphis  matrix 
is  found  between  these  layers.  This  composite 
structure  of  the  tick  neurilemma  is  structurally 
similar  to  insect  neural  lamellar  sheath,  which  allows 
relative  permeability  to  nutrients  and  ionic  exchange 
(Hess.  1958;  Gray.  1956;  Baccetti.  1961;  Asshurst  and 
Chapman.  1961;  Smith,  and  Trehcrnc,  1963; 
Asshurst,  1965.  1968;  Asshurst  and  Costin,  1971; 
Treherne  and  Picbon,  1972).  The  tick  neurilemma 
acts  primarily  as  a  protective  sheath  providing 
structural  support  for  the  neural  architecture,  and 
may  have  a  functional  similarity  to  that  of  insects. 

The  perineurium  in  H.  dromedarii  is  a  relatively 
thin  layer  of  glial  cells  that  lies  below  the  neurilemma, 
thus  resembling  other  ticks  (Eichenberger,  1970; 
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Obenchain,  1974).  However,  in  A.  arbor— .  the 
perineurium  forma  a  complex  aeries  of  extensive, 
tortuous,  membranous  ex  ten  sons  of  glial  ceBs  which 
contain  large  intracellular  vacuoles  with  narrow 
intercellular  spaces  between  adjacent  cell  boundaries 
(Coons  et  al..  1974).  A  notable  difference  between 
ixodids  and  argasids  occurs  in  the  structural 
organization  of  the  perineuria!  glial  cells  (Coons  et 
a).,  1974  ).  In  the  ixodids  AmMyomma  inksaus, 
B.  mkroptas  and  D.  variaMUa  (Conns  et  al..  1974. 
Binnington  and  Lane.  1980)  these  celts  lack 
intracellular  spaces  and  contain  large  glycogen 
deposits.  The  intracellular  spaces  are  thought  by 
those  authors  to  reflect  a  difference  in  the  trophic 
requirements  in  the  two  families  of  ticks.  Binnington 
and  Lane  (1980)  suggested  that  the  increase  in  the 
glycogen  level  in  B.  adcropha  perineuria!  cells  may 
provide  an  important  store  of  energy  for  the  central 
nervous  system  as  in  the  cockroach,  Ptriptancta 
amtrlcaaa  (Wigglesworth,  I960).  The 
subperincurtum  layer  of  glial  cells  separating  the 
cortical  zone  from  the  neuropile  in  H.  dro—darh 
synganglion  is  similar  to  that  described  in  tbe  mite. 
Macrocbefo  amacado— Itea  (Coons  and  Ax  tell. 
1971),  and  the  ixodid  tick  D.  variabflb  (Obenchain. 

1974) .  It  is  not  found  in  other  ticks  (Tsvileneva.  1964; 
Eichenberger,  1970). 

The  distribution  of  the  neuronal  cell  types  in  the 
cortical  zone  of  H.dromedarii  synganglion  resembles 
taht  described  in  other  ticks  (Eichenberger.  1970; 
Coons  et  al..  1974;  Obenchain,  1974;  Obenchain  and 
Oliver.  1975;  Roshdy  and  Marzouk.  1984). 
Association,  motor  and  neurosecretory  neurons  in  H. 
dromadark  usually  occur  in  bilaterally  symmetrical 
groups.  As  in  other  ticks,  the  first  pedal  ganglia  in  H. 
dromadarii  contain  small  compact  masses  of  type  B 
association  neurom  forming  globuli  cells. 

Four  of  five  types  of  glial  cells  occurring  in  the 
cortex  and  neuropile  of  H.  dromedarfl  synganglion 
are  similar  to  those  described  in  A.  arbors—  (Roshdy 
and  Marzouk.  1984).  D.  pktus  (Ioffe,  1963).  H. 
aegypthwi  and  R.  sanguineus  (Saiija  el  al..  J97l)and 
0.a»ubata{ Eichenberger.  1970).  However,  the  fifth 
type  (*V*  cells)  is  only  distributed  in  the 
subperineurial  layer  of  H.  dromedarM  and  also  in  D. 
variaMHs  (Obenchain,  1974;  Obenchain  and  Oliver. 

1975) . 

The  basic  organization  of  connectives  and 
commissures  in  a  five-level  system  of  nerve  fiber 


tracts  in  the  subesophageal  part  of  H.  drome  dark 
synganglion  is  similar  to  that  described  in  D.  pictus 
(Ioffe,  1963).  H.  dctrltum  and  H.  anatoHcum 
(Obenchain,  1974)  and  A.  arbor* us  (Roshdy  and 
Marzouk.  1984).  Pound  and  Oliver  ( 1982)  suggest 
that  this  system  not  only  provides  linkage  of  ganglial 
elements  occurring  within  each  of  the  two  major 
ganglial  parts,  but  also  integrates  passage  of  impulses 
between  them. 

The  present  anatomical  data  on  the  cellular 
organization  of  the  synganglion  cortex  provides  base 
line  data  to  clarify  the  mechanism  of  neurosecretion 
and  hormone  production  in  H.  dromadarii.  Work  in 
this  direction  is  underway. 
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